Maintaining a specific pathogen-free (SPF) mouse colony is critical to avoid potentially 38 confounding variables introduced by unknown infections. Here, we report an instance of 39 protozoan Tritrichomonas muris (T. muris) infection of mice within an SPF facility. Although T. 40 muris has been considered a commensal organism, we observed instances of asymmetric 41 infection in gene-knockout mice as compared to wild-type mice. We utilized treatment with 42 metronidazole and confirmed successful elimination of T. muris from our SPF colony using 43 extraction of fecal DNA followed by PCR detection. We propose that T. muris testing should be 44 considered for SPF mice, particularly in immunity studies. 45
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Introduction 49
Tritrichomonas muris is a triflagellate single-celled protozoan that infects the intestinal 50 tissues of mice and other rodents. It is closely related to Tritrichomonas foetus, a pathogen 51 known to infect bovine reproductive organs (Yao and Koster, 2015) . T. muris, however, has been 52 listed as a commensal organism (Baker, 2008) and is therefore rarely screened for during routine 53 mouse colony maintenance. Nevertheless, a proteomic analysis of intestinal tissue collected from 54 mice infected with T. muris differentially expressed several proteins compared to uninfected 55 intestines, a subset of which were immune related (Kashiwagi et al., 2009 ), suggesting that T. 56 muris infections may trigger an immune response. More recently, a study of T-cell-driven colitis 57 identified that T. muris infection exacerbates disease and skews baseline T-cell homeostasis 58 toward a more pro-inflammatory mucosal environment (Escalante et al., 2016) , and a second 59 study also found that host-protozoan interactions can alter mucosal immune homeostasis 60 (Chudnovskiy et al., 2016) . T. muris infection has been shown to increase the frequency of 61
intestinal tuft cells which can induce IL-13 secretion from intestinal innate lymphoid cells (ILC) 62 (Howitt et al., 2016; von Moltke et al., 2016) . Additional studies showed that a metabolite from 63 T. muris trigger tuft cell production of IL-25 (Schneider et al., 2018) . 64
During a routine intestinal tissue preparation, we discovered that a subset of our mouse 65 colony was infected with T. muris. Specifically, we determined that a conditional knock-out 66 (cKO) mouse strain was most affected, and so it was critical that we eliminate the potential 67 confounding effects of a T. muris infection in our cKOs for accurate comparison to WT controls. 68
Thus, we developed a PCR-based detection assay to determine the T. muris infection status of 69 our cKO mouse model in conjunction with a metronidazole-based treatment plan that allowed us 70 to re-establish the SPF status of our colony. were detected. Spleen sections were also evaluated from both groups, though we found no 97 appreciable histological differences between T. muris-infected cKO mice and uninfected WT 98 controls ( Fig. 1D ). Altogether, we found evidence of select T. muris infection of the intestine of a 99 cKO mouse strain compared to WT mice within an SPF mouse colony. 100 101 Figure  102 In order to develop the most effective PCR primers given the lack of publicly available 123 sequence data for T. muris, we aligned the 18s ribosomal sequences of T. muris and T. foetus 124 using the nucleotide blast program hosted by NCBI BLAST, and selected primers that covered 125 conserved exon regions shared between both species. Using these primers for PCR, we sought to 126 determine the extent of T. muris infection within our cKO breeder population and colony. To 127 ensure that infection status was attributed correctly to individual mice, each mouse tested was 128 segregated to a clean receptacle until a fresh fecal sample was produced. We found that each 129 cKO breeder cage sampled tested positive for T. muris DNA ( Fig. 2A lanes 3-10) . Furthermore, 130
T. muris infection can confound characterization of novel immune system-associated gene
Itgb1 flox/wt x Foxp3 Cre mice also tested positive ( Fig. 2A, lanes 1 and 2) . This indiscriminate 131 infection pattern suggests that the gene deletion in the cKO mice did not result in an immune 132 deficit that made them uniquely susceptible to T. muris. Another cKO strain, CTLA4 flox/flox x 133
Foxp3 Cre , was previously tested commercially and so was utilized successfully as a negative 134 infection-control ( Fig. 2A, lanes 11 and 12) . After determining complete infection of Itgb1 flox/flox 135
x Foxp3 Cre breeding stock, we further confirmed that the infection had spread to other strains 136 despite the lack of physical contact ( Fig. 2A, lanes 14-20) . Surprisingly, the sentinel mice housed 137 in the cKO rack tested negative for T. muris DNA (Fig. 2A, lane 21) . As sentinel mice are 138 routinely exposed to bedding from various cages housed in the same rack, therefore the lack of T. 139 muris, infection in these mice underscores the need to expose sentinels to fresh feces to most 140 effectively surveil a colony. Although several studies, both mouse and human, have concluded that metronidazole 179 does not increase the incidence of cancer in treated patients (or animals) (Chacko and Bhide, 180 1986; Thapa et al., 1998) , the Food and Drug Administration (FDA) has labeled metronidazole 181 as a potential mutagen and teratogen. Thus, we completed several rounds of backcrossing of the 182 newly fostered T. muris-free cKO mice to WT C57BL/6J mice, both to limit the carry-over of 183 potential mutagenic effects of metronidazole treatment and to mitigate the effects of genetic 184
bottlenecking as a result of the necessarily small number of pups fostered. Taken, together, we 185 report a strategy to test and treat for T. muris infection in mice. the infection from our colony. We developed a treatment plan that resulted in the successful 200 restoration of the original controlled SPF-status of our cKO mice, thereby eliminating a potential 201 driver of differential immune homeostasis between mouse strains. 202
The regulated exposure of experimental lab animals to a pre-determined list of pathogens 203 and commensals has become a hallmark of rigorously conducted studies. Ensuring the reliability 204 and integrity of data generation within animal models requires a thorough understanding of 205 potential confounding variables. This is especially important in studies that propose to 206 investigate the complex subtleties of a developing immune response. Furthermore, studies that 207 include the characterization of a novel gene deletion in a mouse model are particularly 208 vulnerable to misdirection by unknown confounding variables. As such, it is critical that 209 investigators remain vigilant of the microbial status of their colonies as well as remaining open 210
